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(54) Cuber based predistortion circuit and mobile station using the same 



(57) The invention is related to a balanced cuber 
based predistortion circuit for predistorting an input sig- 
nal (Vjn). comprising a squarer (1 1) to produce a second 
order signal and signal dividing means (10', 14 1 ) for 
dividing the input signal and second order signal into dif- 
ferential signals. To produce a third order signal, the 
input signal and second order signal are mixed in multi- 
pliers (15, 16) and the output signals of the multipliers 
are combined in order to eliminate undesired compo- 
nents. According to the invention, the squarer also 



includes differential signal handling and combining 
means (12, 13), advantageously a push-push frequency 
doubler to produce a second order signal using differen- 
tial signals. The phase (17) and amplification (18) of the 
third order signal are adjusted in order to produce a dis- 
tortion compensation signal, and the input signal (v jn ) 
and distortion compensation signal are combined (19) 
to produce a predistorted output signal (v^. 
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The invention is related to a cuber based predistorting linearizer which linearizes the operation of an electronic cir- 
cuit. Specifically the invention is related to a predistortion circuit or predistortion linearizer which is used for predistorting 

s an input signal and includes a squarer for producing a second order signal, mixing means for mixing the input signal 
and the second order signal to produce a third order signal, phase and amplification controlling means for adjusting the 
phase and amplification of the third order signal in order to produce a distortion compensation signal, and means for 
combining the input signal and the distortion compensation signal in order to produce a predistorted output signal. The 
invention also relates to a cuber in such a predistortion circuit and to a mobile station having such a predistortion circuit. 

10 A non-linear circuit, such as a power amplifier, generates distortion. The most harmful and powerful distortion com- 
ponent is usually the third order distortion component. In order to improve the linearity of the operation of an electronic 
circuit it is known to predistort a signal brought to the circuit by deliberately generating higher order signal components 
which are used to cancel out corresponding signal components inadvertently produced in the circuit. This kind of pre- 
distortion linearization is used in amplifiers, for example. A widely used predistortion linearizer is based on the use of a 

is cuber to produce a signal in cubic relationship with the input signal in order to compensate for the third order distortion 
component. The invention is related to the implementation of the cuber in such predistortion linearizer. 

Many cuber arrangements are known in the art; a cuber similar to that mentioned above in the introduction is dis- 
closed in U.S. Patent No. 3,825,843, in which the cuber comprises several components, such as hybrid circuits, multi- 
pliers, bias circuits, amplifiers, a delay line, a squarer, and a high pass filter. The U.S. Pat. document also discloses a 

20 balanced cuber, referring to an arrangement for handling differential signals, wherein an input signal and a second order 
signal are both divided into two branches, which handle two signal components 180 degrees out of phase with each 
other, the components in phase are mixed with each other, and it is produced one combined third order signal by com- 
bining the signal components obtained from the mixing. The multipliers and the squarer are implemented using trans- 
formers and Schottky diodes, and these require bias circuits. In the balanced arrangement disclosed in the U.S. Pat. 

25 document it is also needed a high pass filter to prevent components at the signal frequency from passing through the 
cuber. Such an implementation of a cuber therefore requires a lot of components and includes components that prevent 
the cuber from being integrated into an integrated circuit. So there is no cuber known in prior art that could be integrated 
into an integrated circuit and prior art cubers are therefore not very suitable for mobile telephones, for example, in which 
it is preferred to use compact, space-saving components. 

30 When developing the cuber arrangement, to which the invention is related, it was intended that the electronic circuit 
mentioned above would be a high-frequency power amplifier and specifically a power amplifier in a mobile telephone, 
but naturally the application range for the invention is not limited to these devices. Because of the intended preferred 
application, the object of the invention is to provide a cuber which is as compact and simple as possible, requires very 
few components and very little space and is operationally reliable and compatible with other circuitarrangements used. 

35 In addition, it is advantageous to provide a cuber which can be implemented as an integrated circuit. 

The object of the invention is achieved using a differential signal squarer to produce a second order signal. Thus it 
is characteristic of the predistortion circuit, cuber and mobile station according to the invention that the squarer includes 
handling and combining means for a differential signal to produce a second order signal by combining two signals. 
Advantageously the invention is implemented using a balanced cuber known from said U.S. Patent as a basis and 

40 utilizing differential signals, ie. signals that have a phase difference of 180 degrees, in the generation of a second order 
signal, and the squarer is a so-called push-push type frequency doubler, which includes in the first branch a first non- 
linear port to produce a multiple order component output from the first signal component, in the second branch a sec- 
ond non-linear port to produce a multiple order component output from the second signal component, which is 180 
degrees out of phase with the first signal component, and means for combining the outputs of the first and second port, 

45 passing the second order components of the input signal and eliminating odd order signal components. 

In a preferred embodiment the cuber is integrated in an integrated circuit. In the preferred application of the inven- 
tion, a power amplifier in a mobile phone, the cuber is integrated in the same circuit with the power amplifier. 

Compared to the balanced circuit arrangement disclosed in the U.S. Patent No. 3,825,843 mentioned above, the 
arrangement according to the invention leads to component saving, because the high pass filter mentioned in said U.S. 

so Pat. document to filter the signal frequency is not needed when the squarer comprises a push-push type frequency dou- 
bler which is fed with differential signals into two identical branches, in which case, when combining the outputs of both 
branches, the signal frequency (and odd harmonics in general) is cancelled. When using in a balanced cuber a push- 
push type frequency doubler as a squarer, there is no need in the circuit for extra components other than the squarer, 
since the required phase shifter to produce a 180-degree phase shift already exists in the circuit to provide the third 

55 order component. 

In addition, the invention provides the advantage that the cuber can be implemented as an integrated circuit or as 
part of an integrated circuit. It is preferable to integrate it into the same circuit that includes the power amplifier or, gen- 
erally, the electronic circuit the operation of which the cuber is intended to linearize. When the cuber is integrated into 
the same circuit with the electronic circuit to be linearized (or into a different circuit but using the same circuit technol- 
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> same circuit technology as is used in the electronic cii 



ogy), whereby it is implemented usingTne same circuit technology as is used in the electronic circuit, it is achieved very 
advantageous situation regarding, for example, compensation of temperature variation and transistor or circuit element 
parameter variation when the components are alike. So it is possible to implement a compact cuber which requires very 
few extra components and additional space and is well adapted to the surrounding circuit environment. 
5 The invention will be further understood from the following description with reference to the accompanying draw- 
ings, in which: 

Fig. 1 illustrates schematically a conventional predistortion linearizer based on a cuber, 
Fig. 2 illustrates schematically a cuber and a predistortion linearizer according to the invention, 
10 Fig. 3 is a circuit diagram illustrating an embodiment of the cuber according to the invention, 

Fig. 4 illustrates simulated operation of a predistortion linearizer using a cuber according to the invention when the 

electronic circuit constitutes a high-frequency power amplifier, and 
Fig. 5 presents in form of a block diagram a mobile station according to the invention. 

is Fig. 1 is a block diagram of a conventional predistortion linearizer to which it is brought an input signal v in and which 
gives as output to an electronic circuit, such as a power amplifier, a predistorted signal v 1 . The input signal v in is divided 
in block 1 into two branches, the first of which goes directly to the output, and in the second a distortion is generated. 
The broken line box 2 represents the cuber that generates the distortion. Within it, block 3 is a frequency doubler which 
produces a distortion term in quadratic relationship with the input signal v jn . A high pass filter 4 filters out the original 

20 signal frequency from the signal provided by the frequency doubler 3. In addition to the signal filtered by the high pass 
filter 4 also the input signal v^ is brought directly to a mixer 5 which produces as an output a signal which has the fre- 
quency of the input signal v in and which is in cubic relationship with the original amplitude of the input signal v in . A low 
pass filter 6 filters out from the signal obtained from the mixer frequencies that are two and three times the frequency 
of the input signal v in . There remains, however, a desired component which is in cubic relationship regarding its power. 

25 A phase shifter 7 and an attenuator 8 are used to adjust the predistortion to the distortion characteristics of the elec- 
tronic circuit, such as a power amplifier. For example, an amplifier has certain AM/AM and AM/PM distortion character- 
istics, ie. the dependence between the output amplitude of the amplifier and the input amplitude is non-linear and, on 
the other hand, the phase of the amplifier output is dependent on the amplitude level of the input signal to the amplifier. 
Blocks 7 and 8 are used to set phase shift and attenuation such that the generated predistortion compensates in the 

30 best possible way for the non-linearity characteristics of the amplifier. In block 9, the input signal v jn brought to the block 
directly from the first branch is combined with the distortion signal generated in the second branch to make a predis- 
torted signal v-i which is taken to the electronic circuit, such as a high-frequency amplifier. 

Below it will be discussed the principle of operation of such a predistortion linearizer in conjunction with an ampli- 
fier. The non-linearity characteristics for the voltage amplification of a typical power amplifier can be approximated using 

35 the formula 

v out=aiVi-|a 3 |v 1 3 m (1) 

where v out is the voltage signal from the amplifier, v 1 is the voltage obtained from the predistortion linearizer as input to 
40 the amplifier, a 1 is the linear voltage amplification of the power amplifier, and a 3 is the third order distortion term of the 
power amplifier. A fixed predistortion linearizer produces signal v<[ which is 

v l =b 1 v jn + |b 3 |v jn 3 (2) 

45 where v in is the input signal for the predistortion linearizer, b 1 is the linear voltage amplification of the linearizer circuit, 
and b 3 is the third order distortion term of the linearizer circuit. For the voltage signal v out provided by the amplifier we 
get the expression 
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v o U t = a i( b i v in + lb3lVin 3 )-ia 3 |(b 1 v ln + |b3|v in 3 ) 3 «a 1 b 1 v jn + a 1 | b 3 | v in 3 - 1 a 3 i b lVjn 3 (3) 

when assuming that, compared to linear terms a-, and b 1 , distortion terms a 3 and b 3 are so small that their product a 3 t>3 
can be ignored. So the distortion terms are eliminated from the total voltage amplification if the linearizer is designed 
so that 

55 b 1 |a 3 |«a 1 |b 3 |. 

Fig. 2 shows a predistortion linearizer according to the invention and the cuber arrangement used in it. The cuber 
according to the invention is based on a balanced structure including a squarer 1 1 to produce a second order signal. 
The input signal v jn to the cuber is first divided into two branches, the first of which includes a phase shifter 10 to shift 



3 



• EP0 751 614 A1 
0 degrees with respect to the signal in the second branch. A single-ended 
input signal v jn is thus made differential in the differential signal generation block 10*. 

In addition, the squarer output is divided into two branches in a corresponding manner, and in the first branch there 
is a phase shifter 1 4 to shift the phase of the signal in the first branch 180 degrees with respect to the signal in the sec- 
5 ond branch. The 180 degrees phase-shifted input signal and the 180 degrees phase-shifted second order signal are 
mixed in a mixer 15 in the first branch of the cuber to provide a third order signal in the first branch. Similarly, an input 
signal and a second order signal in phase with it are mixed in a mixer 16 in the second branch to provide a third order 
signal in the second branch. The signals from both branches are combined to produce a single third order signal. 
The push-push type squarer in block 1 1 utilizes differential input signals. The push-push type squarer comprises 
io two identical branches. Both branches include a non-linear port, advantageously a two-port, such as a transistor or an 
operational amplifier. The non-linear ports 12 and 13 generate from the input signal v jn an infinite series of harmonic 
frequency components. When the two identical non-linear ports 12 and 13 are fed with signals having opposite phases, 
the odd harmonic frequency components are cancelled at the output when summed. The most important cancelled 
components are the signal frequency f 1 and the third harmonic frequency f3. Fourth and higher order harmonic fre- 
75 quencies can be assumed to be so weak that they do not affect the operation of the circuit. So the output signal of the 
differentially driven push-push type frequency doubler 1 1 is signal f2 which has a frequency two times higher than that 
of the input signal v jn , and a strength which is quadratically dependent on the input signal strength. 

As was mentioned above, the single-ended double-frequency signal f2 obtained from the squarer 11 is made dif- 
ferential in the differential signal generation block 14' by taking it to two different branches and using a phase inverter 
20 14 to produce a 180-degree phase shift between the signals in the branches. Mixers 1 5 and 1 6, which may be analog 
multipliers, generate the product of the input signals brought to them. One of the input signals of mixers 1 5 and 1 6 has 
the original signal frequency f 1 and the other signal, coming from block 1 1 , has a doubled frequency f2. Hence, the out- 
put signal of multipliers 15 and 1 6 ideally has two terms: one at the signal frequency (2f - f = f) and the other at a triple 
frequency (2f + f s 3f) . The triple-frequency signal does not benefit the operation and it can be eliminated later, e.g. in 
25 the matching circuits of the amplifier to be linearized. The leakage signals of the unideal multipliers 15 and 16 at the 
signal frequency and at the double frequency are cancelled out when summing the output signals of the two multipliers. 
For this cancellation it was used differential signals and, hence, it became possible to separate the leakage signals pro- 
portional to the input signal amplitude and to the square of the amplitude from the desired cubic output signal. Accord- 
ing to the non-linearity characteristics of the amplifier to be linearized the correction signal level can be changed in an 
30 attenuator 1 8 and the phase in a phase shifter 1 7. These have fixed settings and do not require adjusting during oper- 
ation. Depending on the phase characteristics the correction term is either added to or subtracted from the original sig- 
nal in block 1 9 to produce a predistorted output signal, or distortion compensation signal, as an output for the electronic 
circuit to compensate for the distortion generated in the electronic circuit, such as a power amplifier. 

In a circuit arrangement according to the invention, the push-push type frequency doubler, the mixers and the 
35 phase inverters can be implemented with one kind of circuit technology and thus with one kind of circuit elements. Said 
circuit blocks are advantageously realized as active circuits using transistors as base elements, which are implemented 
with the same circuit technology as is applied in the actual electronic circuit, such as a high-frequency amplifier. Con- 
sidering the preferred application of the invention, the circuit technology may be especially suitable for high-frequency 
applications, such as bipolar, BiCMOS, MESFET, HEMT or HBT-GaAs technology. The invention as such is not limited 
40 to the integrating technology used. When implemented in this way, the cuber of the predistortion linearizer can easily 
be integrated e.g. into the same integrated circuit which contains the actual electronic circuit. Analog signal handling in 
the circuit is based oh very precise likeness of active components, primarily transistors, which in practice can be 
achieved only in an integrated circuit where the differences between adjacent components are minimal. Although a rel- 
atively great number of circuit elements are needed to implement the circuit blocks, the number of additional compo- 
45 nents needed remains small since the major part of the components can be located in the integrated circuit and 
because there is no need for filters, for example. Integration and implementation based on one kind of circuit technology 
also has the advantage that temperature variation and process variation will have the same effects on the characteris- 
tics of both the actual electronic circuit and the predistortion linearizer. The effects of these variations can then be easily 
accounted for in circuit design. 

so The arrangement according to the invention also helps implement the predistortion linearizer as a fixed and hence 
simple arrangement which requires no feedbacks or control loops, which would be needed if the linearizer had to be 
made variable or adaptive. When the cuber according to the invention is implemented using active blocks, it has the fur- 
ther advantage that the blocks can be made amplifying, whereby no separate amplifiers are needed, unlike in many 
known arrangements. 

55 Fig. 3 shows a detailed circuit diagram of an embodiment of the cuber according to the invention. In the figure, cir- 
cuit block 10' including transistor Q1 is a phase divider which uses one signal brought to the input IN to generate two 
out-of-phase signals having a phase difference of 180 degrees. The circuit blocks built around transistors Q2 and Q3 
serve as non-linear ports 12 and 13 for a push-push frequency doubler, constituting a squarer 11. Transistors Q2 and 
Q3 having a same biasing voltage vb are controlled by signals from transistor Q1 having a 180-degree phase shift rel- 
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ndamental components of the drain currents of transistors Q2 and Q3 are in 
opposite phases and, hence, the transistors effectually short-circuit each other at the fundamental frequency. So there 
is in this arrangement no need for conventional filtering to eliminate the fundamental frequency. Between the second 
harmonics of the drain currents of these two transistors there is no phase difference and therefore the drain current 
5 components at this frequency are combined in phase at the output. 

This output, which has a frequency two times the fundamental frequency, is used for generating by means of a 
phase divider 14' built around transistor Q4 a differential signal comprising two signals 180 degrees out-of-phase with 
each other. Transistors Q5 and Q7 and correspondingly Q6 and Q8, which all have the same biasing voltage vb2 ( forin 
two dual-gate-FET type mixers 15 and 16 to which it is brought an input signal at the fundamental frequency from the 
. io first phase divider 10' and a double-frequency signal from the corresponding output of the second phase divider 14'. 
The outputs of the mixers 15 and 16 are summed, thus cancelling out the leakage signals of the mixers at the signal 
frequency and at the doubled frequency and separating and eliminating these signals proportional to the input signal 
amplitude and the square of the amplitude from the desired signal in cubic relationship with the input signal which 
appears at the output OUT (to be taken further to a phase shifter 1 7 and an attenuator 18). 
is Fig. 4 illustrates the operation of a fixed predistortion linearizer according to the invention and is based on a simu- 
lation in which a certain non-linear amplifier model was used. Values marked beside the curves in the figure represent 
the deviation of output power from the linear value with respect to the input power at various attenuation settings of an 
attenuator included in the fixed predistortion linearizer. Thus, the 80-dB attenuation curve illustrates the non-linearity 
characteristics of the amplifier model used. For example, a maximum of 0.2 dB deviation from the linear behaviour could 
20 be required of the operation of the circuit. Simulation results show that in this kind of case, it is possible to achieve, with 
a suitable attenuator value, even a 5-dB improvement on the linear power range. 

The cuber according to the invention employs a squarer that handles differential signals, which leads to significant 
component saving, and by further implementing the squarer in a known balanced cuber, it is possible to save more com- 
ponents, as it is possible to use the same phase dividers both for the squarer to produce the quadratic singal and for 
25 the generation of the cubic signal. In addition, the structure according to the invention can be integrated as one inte- 
grated circuit or in the same circuit with the component to be linearized, such as a power amplifier, which makes it 
advantageous for use in mobile phones, for example. 

A primary application field for the invention could be a high-frequency amplifier in a radio telephone and the inven- 
tion can as well be applied to any communications transmitter in which the modulation used requires linear amplrfica- 
30 tion. The cuber according to the invention can especially be used in digital cellular systems using the rc/4-shift QPSK 
modulation; e.g. the JDC (Japan Digital Cellular) and DAMPS (Digital Advanced Mobile Phone Service) are such sys- 
tems. 

Fig. 5 presents a mobile station according to the invention, in which predistortion according to the invention is 
employed. A speech signal to be transmitted, coming from a microphone 21 , is sampled in an A/D converter 22, after 
35 which base frequency signal processing is carried out in block 23, including e.g. speech encoding, channel encoding, 
interleaving, modulation as known in the state of art. After this the signal is converted into analog form in a D/A con- 
verter 24 and is transformed into radio frequency and transmitted by a transmitter 26 through a duplex filter DPLX and 
an antenna ANT. 

In the transmitter 26 before the power amplifier 30 is placed a predistortion circuit 25 according to the invention, 
40 e.g. such as is shown; in Fig. 2. The predistortion circuit 25 can be integrated as part of the transmitter or it can be sep- 
arated from the transmitter. The predistortion circuit 25 linearizes the operation of the transmitter 26, especially it line- 
arizes the operation of the power amplifier 30 of the transmitter. The power amplifier 30 is normally a multi-stage 
amplifier. A transmitter usually comprises an up-conversion block 29, which up-converts the modulated signal to radio 
frequency normally with the aid of one or several intermediate frequencies. The rf signal output from the up-conversion 
45 block 29 is then fed to the predistortion circuit 25 and the power amplifier 30 which amplifies the signal for transmission. 
The output power is controlled by a power sensing element 31 and a loop control circuit 32 which controls the power 
level according to the signal received from the power sensing element 31 by controlling the power amplifier 30 accord- 
ingly. The amplified rf signal is transmitted through the antenna ANT on the radio path. The known operations of a 
reception branch 27 are carried out for speech received at reception, and it is repeated through loudspeaker 28. The 
so signals processed in the transmission and receiption branches may as well be data signals coming from the control 
block (not shown) of the mobile station or from another part of the mobile station or from an external device coupled to 
the mobile station. 

Naturally, application areas of the invention are not limited to these primary application fields, but the invention can 
be used in conjunction with any electronic circuit when it is needed predistortion linearization based on the use of a 
55 cuber and when the implementation based on the inventive idea is suitable for the purpose. 

Here realization and embodiments of the invention have been presented by examples on the circuit and mobile sta- 
tion, rt is evident for a person skilled in the art that the invention is not limited to the details of the presented embodi- 
ments and that the invention can be realized also in another form without deviating from the characteristics of the 
invention. The presented embodiments should only be regarded as illustrating, not limiting. Thus the possibilities to 
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realize and use the invention are limited only by the enclosed claims. Hereby different alternatives for the implementing 
of the invention defined by the claims, including equivalent realizations, are included in the scope of the invention. 

Claims 

5 

1 . A predistortion circuit for predistorting an input signal (v jn ), including 

a squarer (1 1) for producing a second order signal, 

mixing means (15, 16) for mixing an input signal (v in ) and a second order signal in order to produce a third 
w order signal, 

phase and amplification control means (17, 18) to adjust the phase and amplification of a third order signal in 
order to produce a distortion compensation signal, and 

means (19) for combining an input signal (v in ) and a distortion compensation signal in order to produce a pre- 
distorted output signal (v-,), 

15 

characterized in that the squarer (11) includes differential signal handling and combining means (12, 13) to pro- 
duce a second order signal by combining two signals. 

2. The predistortion circuit of claim 1 , characterized in that it further includes 

20 

- first signal dividing means (10 1 ) to divide 'an input signal into a first and a second signal component 180 
degrees out of phase with each other, 

• second signal dividing means (14') to divide a second order signal into a third and a fourth signal component 
1 80 degrees out of phase with each other, and said mixing means (1 5, 1 6) further include 
25 - first mixing means (1 5) to mix the first and the third signal component to produce a first third order signal com- 
ponent, 

- second mixing means (1 6) to mix the second and the fourth signal component to produce a second third order 
signal component, and 

- means for combining the first and the second third order signal component to produce one third order signal 
30 component, 

and that said differential signal handling and combining means"(12, 13) in the squarer (1 1) include 

- a first non-linear port (1 2) to produce from said first signal component multiple order components as an output, 
35 - a second non-linear port (1 3) to produce from said second signal component multiple order components as an 

output, 

means for combining the outputs of said first (12) and second (13) ports, passing the second order compo- 
nents of the input signal and eliminating odd order signal components. 

40 3- The predistortion circuit of claim 2, characterized in that said first (12) and second non-linear ports are identical. 

4. The predistortion circuit of claim 1, characterized in that the squarer (1 1), mixing means (15, 16) and signal divid- 
ing means (10', 14') are all implemented using the same circuit technology. 

45 5. The predistortion circuit of claim 1 or 4, characterized in that the squarer (1 1), mixing means (15, 16) and signal 
dividing means (10', 14') are implemented as active circuits using a transistor as a basic element. 

6. The predistortion circuit of any one of the preceding claims, characterized in that it is implemented as an inte- 
grated circuit or as part of an integrated circuit. 

50 

7. A cuber for cubing an input signal (v in ), including 

a squarer (1 1) for producing a second order signal, and 

mixing means (15, 16) for mixing the input signal (v jn ) and the second order signal in order to produce a third 
55 order cubed signal, 

characterized in that the squarer (11) includes differential signal handling and combining means (12, 13) to pro- 
duce a second order signal by combining two signals. 
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inication having a transmitter branch and a receiver branch, the transmitter 

branch comprising 

a transmitter (26, 29) for producing a transmittance signal in the form of a radio frequency signal, and 
a predistortion circuit (25) for predistorting an input signal (v jn ) in the transmitter branch and for outputting a 
predistorted output signal (v^ for the transmitter (26) for linearizing the operation of said transmitter, the pre- 
distortion circuit (25) including 

a squarer (1 1) for producing a second order signal, 

mixing means (15, 16) for mixing said input signal (v in ) and said second order signal in order to produce a 
third order signal, 

- phase and amplification control means (1 7, 18) to adjust the phase and amplification of a third order signal 
in order to produce a distortion compensation signal, and 

means (19) for combining said input signal (v in ) and said distortion compensation signal in order to pro- 
duce said predistorted output signal (v^, characterized in that the squarer (1 1) includes differential signal 
handling and combining means (12, 13) to produce a second order signal by combining two signals. 
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Description 

[0001] The invention is related to a cuber based pre- 
distorting linearizer which linearizes the operation of an 
electronic circuit. Specifically the invention is related to 
a predistortion circuit or predistortion linearizer which is 
used for predistorting an input signal and includes a 
squarer for producing a second order signal, mixing 
means for mixing the input signal and the second order 
signal to produce a third order signal, phase and ampli- 
fication controlling means for adjusting the phase and 
amplification of the third order signal in order to produce 
a distortion compensation signal, and means for com- 
bining the input signal and the distortion compensation 
signal in order to produce a predistorted output signal. 
The invention also relates to a cuber in .such a predis- 
tortion circuit and to a mobile station having such a pre- 
distortion circuit. 

[0002] A non-linear circuit, such as a power amplifier, 
generates distortion. The most harmful and powerful 
distortion component is usually the third order distortion 
component. In order to improve the linearity of the op- 
eration of an electronic circuit it is known to predistort a 
signal brought to the circuit by deliberately generating 
higher order signal components which are used to can- 
cel out corresponding signal components inadvertently 
produced in the circuit. This kind of predistortion linear- 
ization is used in amplifiers, for example. A widely used 
predistortion linearizer is based on the use of a cuber to 
produce a signal in cubic relationship with the input sig- 
nal in order to compensate for the third order distortion 
component. The invention is related to the implementa- 
tion of the cuber in such predistortion linearizer. 
[0003] Many cuber arrangements are known in the 
art; a cuber similar to that mentioned above in the intro- 
duction is disclosed in U.S. Patent No. 3,825,843, in 
which the cuber comprises several components, such 
as hybrid circuits, multipliers, bias circuits, amplifiers, a 
delay line, a squarer, and a high pass filter. The U.S. 
Pat. document also discloses a balanced cuber, refer- 
ring to an arrangement for handling differential signals, 
wherein an input signal and a second order signal are 
both divided into two branches, which handle two signal 
components 180 degrees out of phase with each other, 
the components in phase are mixed with each other, and 
it is produced one combined third order signal by com- 
bining the signal components obtained from the mixing. 
The multipliers and the squarer are implemented using 
transformers and Schottky diodes, and these require bi- 
as circuits, in the balanced arrangement disclosed in the 
U.S. Pat. document it is also needed a high pass filter 
to prevent components at the signal frequency from 
passing through the cuber. Such an implementation of 
a cuber therefore requires a lot of components and in- 
cludes components that prevent the cuber from being 
integrated into an integrated circuit. So there is no cuber 
known in prior art that could be integrated into an inte- 
grated circuit and prior art cubers are therefore not very 
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suitable for mobile telephones, for example, in which it 
is preferred to use compact, space-saving components. 
[0004] When developing the cuber arrangement, to 
which the invention is related, it was intended that the 

5 electronic circuit mentioned above would be a high-fre- 
quency power amplifier and specifically a power ampli- 
fier in a mobile telephone, but naturally the application 
range for the invention is not limited to these devices. 
Because of the intended preferred application, the ob- 

10 ject of the invention is to provide a cuber which is as 
compact and simple as possible, requires very few com- 
ponents and very little space and is operationally relia- 
ble and compatible with other circuit arrangements 
used. In addition, it is advantageous to provide a cuber 

15 which can be implemented as an integrated circuit. 
[0005] The object of the invention is achieved using a 
differential signal squarer to produce a second order sig- 
nal. Thus it is characteristic of the predistortion circuit, 
cuber and mobile station according to the invention that 

20 the squarer includes handling and combining means for 
a differential signal to produce a second order signal by 
combining two signals. 

[0006] Advantageously the invention is implemented 
using a balanced cuber known from said U.S. Patent as 

25 a basis and utilizing differential signals, ie. signals that 
have a phase difference of 1 80 degrees, in the genera- 
tion of a second order signal, and the squarer is a so- 
called push-push type frequency doubler, which in- 
cludes in the first branch a first non-linear port to pro- 

30 duce a multiple order component output from the first 
signal component, in the second branch a second non- 
linear port to produce a multiple order component output 
from the. second signal component, which is 1 80 de- 
grees out of phase with the first signal component, and 

35 means for combining the outputs.of the first and second 
port, passing the second order components of the input 
signal and eliminating odd order signal components. 
[0007] In a preferred embodiment the cuber is inte- 
grated in an integrated circuit. In the preferred applica- 

40 tion of the invention, a power amplifier in a mobile 
phone, the cuber is integrated in the same circuit with 
the power amplifier. 

[0008] Compared to the balanced circuit arrangement 
disclosed in the U.S. Patent No. 3,825,843 mentioned 

45 above, the arrangement according to the invention 
leads to component saving, because the high pass filter 
mentioned in said U.S. Pat. document to filter the signal 
frequency is not needed when the squarer comprises a 
push-push type frequency doubler which is fed with dif- 

50 ferential signals into two identical branches, in which 
case, when combining the outputs of both branches, the 
signal frequency (and odd harmonics in general) is can- 
celled. When using in a balanced cuber a push-push 
type frequency doubler as a squarer, there is no need 

55 jn the circuit for extra components other than the squar- 
er, since the required phase shifter to produce a 1 80-de- 
gree phase shift already exists in the circuit to provide 
the third order component. 
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[0009] in addition, the invention provides the advan- 
tage that the cuber can be implemented as an integrated 
circuit or as part of an integrated circuit. It is preferable 
to integrate it into the same circuit that includes the pow- 
er amplifier or, generally, the electronic circuit the oper- 5 
ation of which the cuber is intended to linearize. When 
the cuber is integrated into the same circuit with the elec- 
tronic circuit to be linearized (or into a different circuit 
but using the same circuit technology), whereby it is im- 
plemented using the same circuit technology as is used 10 
in the electronic circuit, it is achieved very advantageous 
situation regarding, for example, compensation of tem- 
perature variation and transistor or circuit element pa- 
rameter variation when the components are alike. So it 
is possible to implement a compact cuber which re- *5 
quires very few extra components and additional space 
and is well adapted to the surrounding circuit environ- 
ment. 

[0010] The invention will be further understood from 
the following description with reference to the accompa- 20 
nying drawings, in which: 

Fig. 1 illustrates schematically a conventional pre- 
distortion linearizer based on a cuber, 

Fig. 2 illustrates schematically a cuber and a pre- 25 
distortion linearizer according to the inven- 
tion, 

Fig. 3 is a circuit diagram illustrating an embodi- 
ment of the cuber according to the invention, 

Fig. 4 illustrates simulated operation of a predistor- 30 
tion linearizer using a cuber according to the 
invention when the electronic circuit consti- 
tutes a high-frequency power amplifier, and 

Fig. 5 presents in form of a block diagram a mobile 

station according to the invention. 35 
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and an attenuator 8 are used to adjust the predistortion 
to the distortion characteristics of the electronic circuit, 
such as a power amplifier. For example, an amplifier has 
certain AM/AM and AM/PM distortion characteristics, ie. 
the dependence between the output amplitude of the 
amplifier and the input amplitude is non-linear and, on 
the other hand, the phase of the amplifier output is de- 
pendent on the amplitude level of the input signal to the 
amplifier. Blocks 7 and 8 are used to set phase shift and 
attenuation such that the generated predistortion com- 
pensates in the best possible way for the non-linearity 
characteristics of the amplifier. In block 9, the input sig- 
nal v in brought to the block directly from the first branch 
is combined with the distortion signal generated in the 
second branch to make a predistorted signal v 1 which 
is taken to the electronic circuit, such as a high-frequen- 
cy amplifier. 

[0012] Below it will be discussed the principle of op- 
eration of such a predistortion linearizer in conjunction 
with an amplifier. The non-linearity characteristics for 
the voltage amplification of a typical power amplifier can 
be approximated using the formula 

v out = a i v i - | a 3 lv i 3 0) 

where v out is the voltage signal from the amplifier, v 1 is 
the voltage obtained from the predistortion linearizer as 
input to the amplifier, a., is the linear voltage amplifica- 
tion of the power amplifier, and a3 is the third order dis- 
tortion term of the power amplifier. A fixed predistortion 
linearizer produces signal which is 

v 1 =b 1 v in+ lb 3 lv |n 3 (2) 



[001 1 ] Fig. 1 is a block diagram of a conventional pre- 
distortion linearizer to which it is brought an input signal 
v jn and which gives as output to an electronic circuit, 
such as a power amplifier, a predistorted signal v.,. The 
input signal v in is divided in block 1 into two branches, 
the first of which goes directly to the output, and in the 
second a distortion is generated. The broken line box 2 
represents the cuberthat generates the distortion. With- 
in it, block 3 is a frequency doubler which produces a 
distortion term in quadratic relationship with the input 
signal v in . A high pass filter 4 filters out the original signal 
frequency from the signal provided by the frequency 
doubler 3. In addition to the signal filtered by the high 
pass filter 4 also the input signal v jn is brought directly 
to a mixer 5 which produces as an output a signal which 
has the frequency of the input signal v in and which is in 
cubic relationship with the original amplitude of the input 
signal v jn . A low pass filter 6 filters out from the signal 
obtained from the mixer frequencies that are two and 
three times the frequency of the input signal v in . There 
remains, however, a desired component which is in cu- 
bic relationship regarding its power. A phase shifter 7 



where v in is the input signal for the predistortion linear- 
izer, b 1 is the linearvoltage amplification of the linearizer 
circuit, and b 3 is the third order distortion term of the 
40 linearizer circuit. For the voltage signal v out provided by 
the amplifier we get the expression 

v 0 ut - MMin + «b 3 l v in 3 ) - 1 a 3 l(b lV|n + lb 3 l Vjn 3 ) 3 
= a 1 b 1 v ln + a 1 lb 3 lv ln 3 -la 3 lb lVjn 3 (3) 

when assuming that, compared to linear terms a 1 and 
b 1 , distortion terms a 3 and b 3 are so small that their prod- 
uct a 3 b 3 can be ignored. So the distortion terms are elim- 
inated from the total voltage amplification if the linearizer 
is designed so that 

b 1 la 3 l = a 1 lb 3 l. 
[0013] Fig. 2 shows a predistortion linearizer accord- 
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ing to the invention and the cuber arrangement used in 
it. The cuber according to the invention is based on a 
balanced structure including a squarer 1 1 to produce a 
second order signal. The input signal v in to the cuber is 
first divided into two branches, the first of which includes 5 
a phase shifter 1 0 to shift the phase of the signal in the 
first branch 1 80 degrees with respect to the signal in the 
second branch. A single-ended input signal v tn is thus 
made differential in the differential signal generation 
block 10'. io 
[0014] In addition, the squarer output is divided into 
two branches in a corresponding manner, and in the first 
branch there is a phase shifter 14 to shift the phase of 
the signal in the first branch 180 degrees with respect 
to the signal in the second branch. The 180 degrees 15 
phase-shifted input signal and the 1 80 degrees phase- 
shifted second order signal are mixed in a mixer 15 in 
the first branch of the cuber to provide a third order sig- 
nal in the first branch. Similarly, an input signal and a 
second order signal in phase with it are mixed in a mixer 20 
16 in the second branch to provide a third order signal 
in the second branch. The signals from both branches 
are combined to produce a single third order signal. 
[001 5] The push-push type squarer in block 1 1 utilizes 
differential input signals. The push-push type squarer 25 
comprises two identical branches. Both branches in- 
clude a non-linear port, advantageously a two-port, such 
as a transistor or an operational amplifier. The non-lin- 
ear ports 12 and 13 generate from the input signal v jn 
an infinite series of harmonic frequency components. 30 
When the two identical non-linear ports 12 and 13 are 
fed with signals having opposite phases, the odd har- 
monic frequency components are cancelled at the out- 
put when summed. The most important cancelled com- 
ponents are the signal frequency f1 and the third har- 35 
monic frequency f3. Fourth and higher order harmonic 
frequencies can be assumed to be so weak that they do 
not affect the operation of the circuit. So the output sig- 
nal of the differentially driven push-push type frequency 
doubler 1 1 is signal f2 which has a frequency two times 40 
higher than that of the input signal v in , and a strength 
which is quadratically dependent on the input signal 
strength. 

[0016] As was mentioned above, the single-ended 
double-frequency signal f2 obtained from the squarer 1 1 45 
is made differential in the differential signal generation 
block 14' by taking it to two different branches and using 
a phase inverter 1 4 to produce a 1 80-degree phase shift 
between the signals in the branches. Mixers 15 and 1 6, 
which may be analog multipliers, generate the product so 
of the input signals brought to them. One of the input 
signals of mixers 15 and 16 has the original signal fre- 
quency f1 and the other signal, coming from block 11, 
has a doubled frequency f2. Hence, the output signal of 
multipliers 15 and 16 ideally has two terms: one at the 55 
signal frequency (2f - f = f) and the other at a triple fre- 
quency (2f + f = 3f). The triple-frequency signal does not 
benefit the operation and it can be eliminated later, e.g. 
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in the matching circuits of the amplifier to be linearized. 
The leakage signals of the unideal multipliers 1 5 and 1 6 
at the signal frequency and at the double frequency are 
cancelled out when summing the output signals of the 
two multipliers. For this cancellation it was used differ- 
ential signals and, hence, it became possible to sepa- 
rate the leakage signals proportional to the input signal 
amplitude and to the square of the amplitude from the 
desired cubic output signal. According to the non-line- 
arity characteristics of the amplifier to be linearized the 
correction signal level can be changed in an attenuator 
1 8 and the phase in a phase shifter 1 7. These have fixed 
settings and do not require adjusting during operation. 
Depending on the phase characteristics the correction 
term is either added to or subtracted from the original 
signal in block 19 to produce a predistorted output sig- 
nal, or distortion compensation signal, as an output for 
the electronic circuit to compensate for the distortion 
generated in the electronic circuit, such as a power am- 
plifier. 

[0017] In a circuit arrangement according to the inven- 
tion, the push-push type frequency doubler, the mixers 
and the phase inverters can be implemented with one 
kind of circuit technology and thus with one kind of circuit 
elements. Said circuit blocks are advantageously real- 
ized as active circuits using transistors as base ele- 
ments, which are implemented with the same circuit 
technology as is applied in the actual electronic circuit, 
such as a high-frequency amplifier. Considering the pre- 
ferred application of the invention, the circuit technology 
may be especially suitable for high-frequency applica- 
tions, such as bipolar, BiCMOS, MESFET, HEMT or 
HBT-GaAs technology. The invention as such is not lim- 
ited to the integrating technology used. When imple- 
mented in this way, the cuber of the predistortion linear- 
izer can easily be integrated e.g. into the same integrat- 
ed circuit which contains the actual electronic circuit. An- 
alog signal handling in the circuit is based on very pre- 
cise likeness of active components, primarily transis- 
tors, which in practice can be achieved only in an inte- 
grated circuit where the differences between adjacent 
components are minimal. Although a relatively great 
number of circuit elements are needed to implement the 
circuit blocks, the number of additional components 
needed remains small since the major part of the com- 
ponents can be located in the integrated circuit and be- 
cause there is no need for filters, for example. Integra- 
tion and implementation based on one kind of circuit 
technology also has the advantage that temperature 
variation and process variation will have the same ef- 
fects on the characteristics of both the actual electronic 
circuit and the predistortion linearizer. The effects of 
these variations can then.be easily accounted for in cir- 
cuit design. 

[0018] The arrangement according to the invention al- 
so helps implement the predistortion linearizer as a fixed 
and hence simple arrangement which requires no feed- 
backs or control loops, which would be needed if the 
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linearizer had to be made variable or adaptive. When 
the cuber according to the invention is implemented us- 
ing active blocks, it has the further advantage that the 
blocks can be made amplifying, whereby no separate 
amplifiers are needed, unlike in many known arrange- 
ments. 

[0019] Fig. 3 shows a detailed circuit diagram of an 
embodiment of the cuber according to the invention. In 
the figure, circuit block 10' including transistor Q1 is a 
phase divider which uses one signal brought to the input 
IN to generate two out-of-phase signals having a phase 
difference of 180 degrees. The circuit blocks built 
. around transistors Q2 and Q3 serve as non-linear ports . 
1 2 and 1 3 for a push-push frequency doubter, constitut- 
ing a squarer 1 1 . Transistors Q2 and Q3 having a same 
biasing voltage vb are controlled by signals from tran- 
sistor Q1 having a 180-degree phase shift relative to 
each other and, therefore, the fundamental components 
of the drain currents of transistors Q2 and Q3 are in op- 
posite phases and, hence, the transistors effectually 
short-circuit each other at the fundamental frequency. 
So there is in this arrangement no need for conventional 
filtering to eliminate the fundamental frequency. Be- 
tween the second harmonics of the drain currents of 
these two transistors there is no phase difference and 
therefore the drain current components at this frequency 
are combined in phase at the output. 
[0020] This output, which has a frequency two times 
the fundamental frequency, is used for generating by 
means of a phase divider 14' built around transistor Q4 
a differential signal comprising two signals 1 80 degrees 
out-of-phase with each other. Transistors Q5 and Q7 
and correspondingly Q6 and Q8, which all have the 
same biasing voltage vb2, form two dual-gate-FET type 
mixers 15 and 16 to which it is brought an input signal 
at the fundamental frequency from the first phase divider 
1 0* and a double-frequency signal from the correspond- 
ing output of the second phase divider 14'. The outputs 
of the mixers 15 and 16 are summed, thus cancelling 
out the. leakage signals of the mixers at the signal fre- 
quency and at the doubled frequency and separating 
and eliminating these signals proportional to the input 
signal amplitude and the square of the amplitude from 
the desired signal in cubic relationship with the input sig- 
nal which appears atthe output OUT (to betaken further 
to a phase shifter 17 and an attenuator 18), 
[0021] Fig. 4 illustrates the operation of a fixed pre- 
distortion linearizer according to the invention and is 
based on a simulation in which a certain non-linear am- 
plifier model was used. Values marked beside the 
curves in the figure represent the deviation of output 
power from the linear value with respect to the input 
power at various attenuation settings of an attenuator 
included in the fixed predistortion linearizer. Thus, the 
80-dB attenuation curve illustrates the non-linearity 
characteristics of the amplifier model used. For exam- 
ple, a maximum of 0.2 dB deviation from the linear be- 
haviour could be required of the operation of the circuit. 



Simulation results show that in this kind of case, it is 
possible to achieve, with a suitable attenuator value, 
even a 5-dB improvement on the linear power range. 
[0022] The cuber according to the invention employs 

5 a squarer that handles differential signals, which leads 
to significant component saving, and by further imple- 
menting the squarer in a known balanced cuber, it is 
possible to save more components, as it is possible to 
use the same phase dividers both for the squarer to pro- 

10 duce the quadratic singal and for the generation of the 
cubic signal. In addition, the structure according to the 
invention can be integrated as one integrated circuit or 
in the same circuit with the component to be linearized, 
such as a power amplifier, which makes it advantageous 

15 for use in mobile phones, for example. 

[0023] A primary application field for the invention 
could be a high-frequency amplifier in a radio telephone 
and the invention can as well be applied to any commu- 
nications transmitter in which the modulation used re- 

20 quires linear amplification. The cuber according to the 
invention can especially be used in digital cellular sys- 
tems using the jc/4-shift QPSK modulation; e.g. the JDC 
(Japan Digital Cellular) and DAMPS (Digital Advanced 
Mobile Phone Service) are such systems. 

25 [0024] Fig. 5 presents a mobile station according to 
the invention, in which predistortion according to the in- 
vention is employed. A speech signal to be transmitted, 
coming from a microphone 21 , is sampled in an A/D con- 
verter 22, after which base frequency signal processing 

30 is carried out in block 23, including e.g. speech encod- 
ing, channel encoding, interleaving, modulation as . 
known in the state of art. Afterthis the signal is converted 
into analog form in a D/A converter 24 and is trans- 
formed into radio frequency and transmitted by a trans- 

35 mitter 26 through a duplex filter DPLX and an antenna 
ANT. 

[0025] In the transmitter 26 before the power amplifier 
30 is placed a predistortion circuit 25 according to the 
invention, e.g. such as is shown in Fig. 2. The predis- 

40 tortion circuit 25 can be integrated as part of the trans- 
mitter or it can be separated from the transmitter. The 
predistortion circuit 25 linearizes the operation of the 
transmitter 26, especially it linearizes the operation of 
the power amplifier 30 of the transmitter. The power am- 

45 plifier 30 is normally a multi-stage amplifier. A transmit- 
ter usually comprises an up-conversion block 29, which 
up-converts the modulated signal to radio frequency 
normally with the aid of one or several intermediate fre- 
quencies. The rf signal output from the up-conversion 

so block 29 is then fed to the predistortion circuit 25 and 
the power amplifier 30 which amplifies the signal for 
transmission. The output power is controlled by a power 
sensing element 31 and a loop control circuit 32 which 
controls the power level according to the signal received 

55 from the power sensing element 31 by controlling the 
power amplifier 30 accordingly. The amplified rf signal 
is transmitted through the antenna ANT on the radio 
path. The known operations of a reception branch 27 
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are carried out for speech received at reception, and it 
is repeated through loudspeaker 28. The signals proc- 
essed in the transmission and receiption branches may 
as well be data signals coming from the control block 
(not shown) of the mobile station or from another part of 5 
the mobile station or from an external device coupled to 
the mobile station. 

[0026] Naturally, application areas of the invention are 
not limited to these primary application fields, but the 
invention can be used in conjunction with any electronic 10 
circuit when it is needed predistortion linearization 
based on the use of a cuber and when the implementa- 
tion based on the inventive idea is suitable for the pur- 
pose. 

[0027] Here realization and embodiments of the in- is 
vention have been presented by examples on the circuit 
and mobile station. It is evident for a person skilled in 
the art that the invention is not limited to the details of 
the presented embodiments and that the invention can 
be realized also in another form without deviating from 20 
the characteristics of the invention. The presented em- 
bodiments should only be regarded as illustrating, not 
limiting. Thus the possibilities to realize and use the in- 
vention are limited only by the enclosed claims. Hereby 
different alternatives for the implementing of the inven- 25 
tion defined by the claims, including.equivalent realiza- 
tions, are included in the scope of the invention. 

Claims 30 

1 . A predistortion circuit for predistorting an input sig- 
nal (v jn ), including 

a squarer ( 1 1 ) for producing a second order sig- 35 
nal, 

mixing means (1 5, 1 6) for mixing an input signal 
(v in ) and a second order signal in order to pro- 
duce a third order signal, 

phase and amplification control means (1 7, 1 8) *o 
to adjust the phase and amplification of a third 
order signal in order to produce a distortion 
compensation signal, and 
means (19) for combining an input signal (v in ) 
and a distortion compensation signal in order *s 
to produce a predistorted output signal (Vj), 

characterized in that the squarer (11) includes dif- * 
ferential signal handling and combining means (12, 
1 3) to produce a second order signal by combining so 
two signals. 

2. The predistortion circuit of claim 1, characterized 
in that it further includes 

55 

first signal dividing means (1 0') to divide an in- 
put signal into a first and a second signal com- 
ponent 1 80 degrees out of phase with each oth- 



614 B1 




second signal dividing means (14*) to divide a 
second order signal into a.third and a fourth sig- 
nal component 180 degrees out of phase with 
each other, and said mixing means (15,16) fur- 
ther include 

first mixing means (15) to mix the first and the 
third signal component to produce a first third 
order signal component, 
second mixing means (16) to mix the second 
and the fourth signal component to produce a 
second third order signal component, and 
means for combining the first and the second 
third order signal component to produce one 
third order signal component, 

and that said differential signal handling and com- 
bining means (12, 13) in the squarer (11) include 

a first non-linear port (1 2) to produce from said 
first signal component multiple order compo- 
nents as an output, 

a second non-linear port (13) to produce from 
said second signal component multiple order 
components as an output, 
means for combining the outputs of said first 
(12) and second (1 3) ports, passing the second 
order components of the input signal and elim- 
inating odd order signal components. 

3. The predistortion circuit of claim 2, characterized 
In that said first (12) and second non-linear ports 
are identical. 

4. The predistortion circuit of claim 1 , characterized 
in that the squarer (11), mixing means (15, 16) and 
signal dividing means (1 0', 1 4') are all implemented 
using the same circuit technology. 

5. The predistortion circuit of claim 1 or 4, character- 
ized in that the squarer (1 1 ), mixing means (15,16) 
and signal dividing means (1 0', 14') are implement- 
ed as active circuits using a transistor as a basic 
element. 

6. The predistortion circuit of any one of the preceding 
claims, characterized in that it is implemented as 
an integrated circuit or as part of an integrated cir- 
cuit. 

7. A cuber for cubing an input signal (v ln ), including 

a squarer (11) for producing a second order sig- 
nal, and 

mixing means (1 5, 1 6) for mixing the input sig- 
nal (v jn ) and the second order signal in order to 
produce a third order cubed signal, 
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characterized in that the squarer (1 1 ) includes dif- 
ferential signal handling and combining means (12, 
1 3) to produce a second order signal by combining 
two signals. 

A mobile station for wireless communication having 
a transmitter branch and a receiver branch, the 
transmitter branch comprising 

a transmitter (26, 29) for producing a transmit- 
tance signal in the form of a radio frequency sig- 
nal, and 

a predistortion circuit (25) for predistorting an 
input signal (v in ) in the transmitter branch and 
for outputting a predistorted output signal (v.,) 
for the transmitter (26) for linearizing the oper- 
ation of said transmitter, the predistortion circuit 
(25) including 

a sq uarer (1 1) for producing a second order 
signal, 

mixing means (1 5, 1 6) for mixing said input 
signal (v in ) and said second order signal in 
order to produce a third order signal, 
phase and amplification control means (1 7, 
1 8) to adjust the phase and amplification of 
a third order signal in order to produce a 
distortion compensation signal, and 
means (1 9) for combining said input signal 
(v in ) and said distortion compensation sig- 
nal in order to produce said predistorted 
output signal (v^, characterized in that 
the squarer (11) includes differential signal 
handling and combining means (12, 1 3) to 
produce a second order signal by combin- 
ing two signals. 



Patentansp ruche 

1. Vorverzerrungsschaltung zum Vorverzerren eines 
Eingangssignals (v in ) mit: 

einem Quadrierer (11) zum Erzeugen eines Si- 
gnals zweiter Ordnung; 
einer Mischeinrichtung (15, 16) zum Mischen 
eines Eingangssignals (v jn ) und eines Signals 
zweiter Ordnung zum Erzeugen eines Signals 
dritter Ordnung; 

einer Phasen- und Verstarkungs-Steuerungs- 
einrichtung (17, 18) zum Einstellen der Phase 
und der Verstarkung eines Signals dritter Ord- 
nung zum Erzeugen eines Verzerrungskom- 
pensationssignals; und 

einer Einrichtung (19) zum Kombinieren eines 
Eingangssignals (v ln ) und eines Verzerrungs- 
kompensationssignals zum Erzeugen eines 
vorverzerrten Ausgangssignals (v^; 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



dadurch gekennzeichnet, dass der Quadrierer 
(11) eine Differenzsignal-Handhabungs- und Kom- 
biniereinrichtung (12, 13) zum Erzeugen eines Si- 
gnals zweiter Ordnung durch Kombinieren zweier 
Signals aufweist. 

Vorverzerrungsschaltung nach Anspruch 1, da- 
durch gekennzeichnet, dass sie f erner Folgendes 
aufweist: 

eine erste Signalaufteileinrichtung (10') zum 
Aufteilen eines Eingangssignals in eine erste 
und eine zweite Signalkomponente, die urn 1 80 
Grad gegeneinander phasenverschoben sind; 
eine zweite Signalaufteileinrichtung (14') zum 
Aufteilen eines Signals zweiter Ordnung in eine 
dritte und eine vierte Signalkomponente, die 
urn 180 Grad gegeneinander phasenverscho- 
ben sind; 

wobei die Mischeinrichtung (15, 16) ferner Folgen- 
des aufweist: 

eine erste Mischeinrichtung (15) zum Mischen 
der ersten und dritten Signalkomponente zum 
Erzeugen einer ersten Signalkomponente drit- 
ter Ordnung; 

eine zweite Mischeinrichtung (16) zum Mi- 
schen der zweiten und vierten Signalkompo- 
nente zum Erzeugen einer zweiten Signalkom- 
ponente dritter Ordnung; und 
eine Einrichtung zum Kombinieren der ersten 
und zweiten Signalkomponente dritter Ord- 
nung zum Erzeugen einer Signalkomponente 
dritter Ordnung; 

und die Differenzsignal-Handhabungs- und Kombi- 
niereinrichtung (12, 13) im Quadrierer (11) Folgen- 
des aufweist: 

einen ersten nicht linearen Port (12) zum Er- 
zeugen von Komponenten hoherer Ordnung 
aus der ersten Signalkomponente als Aus- 
gangssignal; 

einen zweiten nicht linearen Port (13) zum Er- 
zeugen von Komponenten hoherer Ordnung 
aus der zweiten Signalkomponente als Aus- 
gangssignal; 

eine Einrichtung zum Kombinieren der Aus- 
gangssignale des ersten (12) und des zweiten 
(13) Ports, urn die Komponenten zweiter Ord- 
nung des Eingangssignals durchzulassen und 
Signalkomponenten ungerader Ordnung zu 
beseitigen. 

Vorverzerrungsschaltung nach Anspruch 2, da- 
durch gekennzeichnet, dass der erste (12) und 
der zweite nicht lineare Port identisch sind. 
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4. Vorverzerrungsschaltung nach Anspruch 1, da- 
durch gekennzeichnet, dass der Quadrierer (11), 
die Mischeinhchtungen (15, 16) und die Signalauf- 
teiieinrichtungen (10', 14')alle unter Verwendung 
derselben Schaltungstechnologie realisiert sind. 5 

5. Vorverzerrungsschaltung nach Anspruch 1 Oder 4, 
dadurch gekennzeichnet, dass der Quadrierer 
(11), die Mischeinhchtungen (15, 16) und die Si- 
gnalaufteileinrichtungen (10', 14') als aktive Schal- io 
tungen unter Verwendung eines Transistors als 
Grundelement realisiert sind. 

6. Vorverzerrungsschaltung nach einem der vorste- 
henden Anspriiche, dadurch gekennzeichnet, '5 
dass sie als integrierte Schaltung Oder als Teil einer 
solchen realisiert ist. 

7. Schaltung zur Erzeugung von Signalen dritter Ord- • 
nung durch Erheben eines Eingangssignals (v^) in 20 
die dritte Potenz, mit: 

einem Quadrierer (11) zum Erzeugen eines Si- 
gnals zweiter Ordnung und 
einer Mischeinrichtung (15, 16) zum Mischen 25 
des Eingangssignals (v in ) und des Signals 
zweiter Ordnung zum Erzeugen eines in die 
dritte Potenz erhobenen Signals dritter Ord- 
nung; 

30 

dadurch gekennzeichnet, dass der Quadrierer 
(11) eine Differenzsignal-Handhabungs- und Kom- 
biniereinrichtung (12, 13) zum Erzeugen eines Si- 
gnals zweiter Ordnung durch Kombinieren zweier 
Signale aufweist. 35 

8. Mobilstation fur drahtlose Kommunikation mit ei- 
' nem Sendezweig und einem Empfangszweig, wo- 

bei der Sendezweig Folgendes aufweist: 

40 

einen Sender (26, 23) zum Erzeugen eines 
Sendesignals in Form eines hochfrequenten 
Signals, und 

eine Vorverzerrungsschaltung (25) zum Vor- 
verzerren eines Eingangssignals (v in ) im Sen- 45 
dezweig und zum Ausgeben eines vorverzerr- 
ten Ausgangssignals (v.,) fur den Sender (26) 
zum Linearisieren des Betriebs desselben, wo- 
bei die Vorverzerrungsschaltung (25), Folgen- 
des aufweist: , so 

- . einen Quadrierer (11) zum Erzeugen eines 

Signals zweiter Ordnung; 

- eine Mischeinrichtung (15, 16) zum Mi- 
schen des Eingangssignals (v jn ) und des ss 
Signals zweiter Ordnung zum Erzeugen ei- 
nes Signals dritter Ordnung; 

-- eine Phasen- und Verstarkungs-Steue- 
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rungseinrichtung (17, 18) zum Einstellen 
der Phase und der Verstarkung eines Si- 
gnals dritter Ordnung zum Erzeugen eines 
Verzerrungskompensationssignals; und 
eine Einrichtung (19) zum Kombinieren 
des Eingangssignals (v jn ) und des Verzer- 
rungskompensationssignals zum Erzeu- 
gen des vorverzerrten Ausgangssignals 
(vi>; 

dadurch gekennzeichnet, dass der Quadrierer 
(11) eine Differenzsignal-Handhabungs- und Kom- 
biniereinrichtung (12, 13) zum Erzeugen eines Si- 
gnals zweiter Ordnung durch Kombinieren . zweier 
Signale aufweist. 



Revendications 

1 . Circuit de predistorsion pour predistordre un signal 
d'entree (Vj n ), comprenant : 

un dispositif d'elevation au carre (11) pour pro- 
duce un signal de deuxieme ordre, 
des moyens de melange (15, 16) pour melan- 
ger un signal d'entree (v in ) et un signal de 
deuxieme ordre, de facon a produire un signal 
de troisieme ordre, 
~ un moyen de commande de phase et d'ampli- 
fication (17, 18) pour ajuster la phase et ram- 
plification d'un signal de troisieme ordre, de fa- 
con a produire un signal de compensation de 
distorsion, et 

un moyen (19) pour combiner un signal d'en- 
tree (v in ) et un signal de compensation de la 
distorsion, de facon a produire un signal de sor- 
tie avec predistorsion (v^, 

caracterise en ce que le dispositif d'elevation au 
carre (11) comprend des moyens d'acheminement 
et de combinaison de signaux (12, 13) de facon a 
produire un signal de deuxieme ordre en combinant 
deux signaux. 

2. Circuit de predistorsion selon la revendication 1 , ca- 
racterisee en ce qu'il comprend de plus : 

un premier moyen de division du signal (10') 
pour diviser un signal d'entree en une premiere 
et une deuxieme composante decalees en pha- 
se de 180° Tune de I'autre, 
un deuxieme moyen de division du signal (14*) 
pourdiviserun signal de deuxieme ordreen une 
troisieme et une quatrieme encomposantes de- 
calees en phase de 180° I'une de ('autre,, 

et lesdits moyens de melange (15,16) comprennent 
de plus 
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3. 



6. 



un premier moyen de mixage (15) pour melan- 
ger la premiere et la troisieme composantes du 
signal pour produire une premiere composante 
de signal du troisieme ordre, 
un deuxieme moyen de melange (1 6) pour me- 
langer les deuxieme et quatrieme composan- 
tes de signal pour produire une deuxieme com- 
posante de signal du troisieme ordre, et 
un moyen pour combiner la premiere et la 
deuxieme composante de signal du troisieme 
ordre pour produire une composante de signal 
du troisieme ordre.et en ce que lesdits moyens 
d'acheminement et de combinaison (12, 13) 

dans le dispositif d'elevation au carre (1 1 ) compren- 
nent 

un premier acces non.-lineaire (12) pour produi- 
re a partir de ladite premiere composante de 
signal des composantes d'ordres multiples en 
tant que sortie, 

un deuxieme acces non-lineaire (13) pour pro- 
duire a partir de ladite deuxieme composante " 
des composantes d'ordres multiples en tant 
que sortie 

des moyens pour combiner les sorties desdits 
premier (12) et deuxieme (13) acces , en lais- 
sant passer les composantes de deuxieme or- 
dre du signal d'entree et en eliminant les com- 
posantes des signaux d'ordre impair. 

Circuit de predistorsion selon la revendication 2, ca- 
racterise en ceque lesdits premier (12) et deuxie- 
me acces non-lineaires sont identiques. 

Circuit de predistorsion selon la revendication 1 , ca- 
racterise en ce que le dispositif d'elevation au car- 
re (11), les moyens de melange (15, 16) et les 
moyens de division de signaux (10', 14') sonttous 
mis en oeuvre en utilisant la meme technologie de 
circuit. 

Circuit de predistorsion selon ia revendication 1 ou 
4, caracterise en ce que le dispositif d'elevation au 
carre (11), les moyens de melange (15, 16) et les 
moyens de division du signal (10', 14') sont mis en 
oeuvre en tant que circuits actifs utilisant un tran- 
sistor comme element de base. 

Circuit de predistorsion selon Tune quelconque des 
revendications precedentes, caracterise en ce 
qu'il est mis en oeuvre en tant que circuit integre 
ou partie d'un circuit int6gre. 
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duire un signal de deuxieme ordre, et 



des moyens de melange (15,16) pour melan- 
ger le signal d'entree (v ln ) et le signal de deuxieme 
ordre, de facon a produire un signal mis au cube de 
troisieme ordre, 

caracterise en ce que le dispositif d'elevation au 
carre (11) comprend les moyens d'acheminement 
et de combinaison des signaux differentiels (12, 13) 
de facon a produire un signal de deuxieme ordre en 
combinant deux signaux. 

Station mobile pour communication sans fil ayant 
une branche d'emetteur et une branche de recep- 
teur, la branche d'emetteur comprenant : 

un emetteur (26, 29) pour produire un signal de 
transmission sous ia forme d'un signal de fre- 
quence radio et 

un circuit de predistorsion (25) pour la predis- 
torsion d'un signal d'entree (v in ) dans la bran- 
che d'emetteur et pour delivrer en sortie un si- 
gnal avec predistorsion (v.,) destine a I'emet- 
teur (26) afin de Iin6ariser le fonctionnement 
dudit emetteur, le circuit de predistorsion (25) 
comprenant : 

un dispositif d'elevation au carre (11) pour 
produire un signal de deuxieme ordre, 
des moyens de melange (15,16) pour me- 
langer ledit signal d'entree (v in ) et ledit si- 
gnal de deuxieme ordre de facon a produi- 
re un signal de troisieme ordre, 
des moyens de commande de phase et 
d 1 amplification (1 7, 1 8) pour ajuster la pha- 
se et 1'amplification du signal de troisieme 
ordre, de facon a produire un signal de 
compensation de distorsion, et 
un moyen (19) pour combiner ledit signal 
d'entree (v jn ) et ledit signal de compensa- 
tion de distorsion, de facon a produire le 
signal de sortie avec predistorsion (v1), 

caracterise en ce que le dispositif d'elevation au 
carre (1 1 ) comprend les moyens d'acheminement 
et de combinaison (12, 13) de signaux differentiels 
de facon a produire un signal de deuxieme ordre en 
combinant deux signaux. 



Un dispositif d'elevation au cube pour elever au cu- ss 
be un signal d'entree (v jn ) comprenant : 



un dispositif d'elevation au carre (11 ) pour pro- 
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DEVIATION OF OUTPUT POWER 
FROM LINEAR [dB] 
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Fig.4 
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